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(54) Nonvolatile semiconductor memory device and mettiod for fabricating the same 



(57) A stacked gate portion, including a tunnel insu- 
lating film, a floating gate electrode, a capacitive insulat- 
ing film and a control gate electrode, is formed over a p- 
type Si substrate. In the p-type Si substrate, n'^'*' 
source/drain layers and n* source/drain layers, each 
layer containing arsenic, are formed. In the drain region, 
an n' drain layer, containing phosphorus and overlap- 
ping with an entire edge of the stacked gate portion In 
the gate width direction, and a p layer surrounding the 
bottoms of the n"*" and the n' drain layers are provided. In 
such a structure, an electric field applied between the 
floating gate electrode and the drain is weakened and 
the drain-disturb characteristics are improved during 
writing. 



Fig. 1 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to a nonvolatile s 
semiconductor memory device including a floating gate 
electrode and a method for fabricating the same, and 
more particularly relates to measures taken for improv- 
ing drain-disturb characteristics. 

[0002] Conventionally, a nonvolatile semiconductor io 
memory device having a memory cell structure, in which 
a memory cell transistor including a floating gate elec- 
trode Is formed, has been known as a means for realiz- 
ing even higher degree of Integration. Such nonvolatile 
semiconductor memory devices are disclosed, for 75 
example, in Japanese Laid-Open Putslication No. 60- 
134477 and an article entitled "Process and Device 
Technologies for 16 Mbit EPROMs with Large-Tilt-Angle 
Implanted P-Pocket Cell", lEDEM 90, pp. 95-98. 
[0003] Figure 1 6(a) is a cross-sectional view illustrat- 20 
ing a memory cell structure of the nonvolatile semicon- 
ductor memory device described in the above-identified 
article. As shown in Rgure 1 6(a). a stacked gate portion 
110 is formed on a p-type Si substrate 101 in each 
memory cell. The stacked gate portion 110 includes: a 25 
gate oxide film 102 functioning as a tunnel insulating 
film, too; a floating gate electrode 103 made of polysili- 
con: a capacitive insulating film 104 made of ONO; and 
a control gate electrode 105 made of polysilicon. A pro- 
tective insulating film 106 is provided over the stacked 30 
gate portion 110. In the p-type Si substrate 101 . an n*^ 
drain layer 126a (n"^* deep drain) and an n** source 
layer 126b, each layer containing arsenic (As) at a high 
concentration; an n* drain layer 123 (shallow drain) con- 
taining arsenic at a low concentration; and a pair of p- 35 
pockets 124a, 124b, containing phosphorus (P) and 
functioning as punch through stoppers, are formed. 
[0004] Figure 1 6(b) is a flow chart illustrating the proc- 
ess steps for fabricating this nonvolatile semiconductor 
memory device. First, after the stacked gate portion 110 40 
has been defined, arsenic ions are Inplanted to form 
the shallow drain (n"^ drain layer 123). Next, boron (B) 
ions are implanted In accordance with large-angle-tilt 
ion implantation technique, thereby forming the p-pock- 
ets 124a. 124b. Then, after peripheral transistors have 45 
been formed, arsenic ions are implanted again to form 
the deep drain (n^^ drain layer 126a) and a heat treat- 
ment is conducted, thereby activating the impurities 
Implanted into the respective regions. Thereafter, n-type 
inpurity ions are implanted at a low concentration to so 
form LDD regions for the peripheral transistors. Though 
not illustrated in Figure 1 of that article, insulator side- 
walls seem to be formed on the side surfaces of the 
stacked gate portion 110 as indicated by the broken 
lines in Figure 16(a), And the ion implantation for form- ss 
ing the deep drain seems to be performed using the 
stacked gate portion 110 and the insulator sidewalls as 
a mask. 



[0005] Next, the operation of the conventional nonvol- 
atile semiconductor memory device will be described. 
[0006] A write operation is performed by applying a 
voltage of about 10 V to the control gate electrode 105 
and a voltage of about 5 V to the n*"*" drain layer 126a. 
generating channel hot electrons in the vicinity of the 
junction between the p-pocket 124a and the n"^ layer 
123 and injecting and accumulating the channel hot 
electrons in the floating gate electrode 103. An erasure 
operation is performed by applying a voltage of about 12 
V to the n"^"^ source layer 126b and making FN (Fowler- 
Nordheim) tunneling current take out the electrons 
accumulated In the floating gate electrode 103. And a 
read operation Is performed by applying a voltage of 
about 5 V to the control gate electrode 105 and a volt- 
age of about 1 V to the n"*"**" drain layer 126a and sensing 
the amount of electrons accumulated in the floating gate 
electrode 103 based on the level of drain current. If a 
sufficiently large number of electrons are accumulated 
in the floating gate electrode 103. then drain current 
hardly flows. On the other hand, if substantially no elec- 
trons are accumulated in the floating gate electrode 
103. then drain current flows abundantly. In accordance 
with the difference in levels of the drain current, the 
stored information can be read out. 
[0007] It is known that in such a nonvolatile semicon- 
ductor memory device, the more abrupt the p-n junction 
between the p-pocket 124a and the drain layer 123 
is, the larger number of.hot electrons are generated dur- 
ing writing. Since the p-pockets 124a, 124b ensure the 
prevention of punch-through phenomenon, a very fine- 
line memory cell structure with a gate length as small as 
about 0.4 \im is allegedly realized. 
[0008] However, the nonvolatile semiconductor mem- 
ory device having a memory cell structure including a 
shallow drain as disclosed in the above-identified article 
has the following problems. 

[0009] In performing a write operation on a memory 
cell, voltages of about 5 V and about 0 V are respec- 
tively applied to the drain and the control gate electrode 
of a non-selected memory cell connected to a selected 
bit line, to which a selected memory cell is connected in 
common. In this case, if electrons have been injected 
into a floating gate electrode, the potential in the floating 
gate electrode is about -2 V. As a result, a considerably 
high electric field is generated between the floating gate 
electrode and the drain. And in the vicinity of the drain, 
so-called "gate induced drain leakage current (GIDL)*\ 
or a large number of electron-hole pairs, is generated. 
Then, the holes are attracted to the electric field to enter 
the gate oxide film (i.e.. hot hole traps are generated) or 
reach the vicinity of the floating gate electrode. The 
accumulation of holes in the gate oxide film causes the 
following two disadvantages. 

[0010] Firstly, since the number of electrons accumu- 
lated in the floating gate electrode decreases, the 
threshold voltage of a non-selected memory cell transis- 
tor adversely varies during writing (drain-disturb phe- 
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nomenon). As a result, erroneous writing possibly 
happens. 

[0011] Such variation in threshold voltages is more 
likely to occur if a high voltage has been continuously 
applied between the floating gate electrode and the 
drain of the memory cell for a long time. In this case, as 
the degree of integration of a nonvolatile semiconductor 
memory device is higher, the number of memory cells 
connected to a single bit line increases correspondingly. 
For example, in an array of 1-Mbit memory cells, 1,024 
memory cells are connected to a common bit line. Thus, 
in performing a write operation on such a memory, a 
high voltage is continuously applied between the float- 
ing gate electrode and the drain of a single memory cell 
for as long as 1 second or more. This time interval will 
tend to get longer as an even higher degree of integra- 
tion is realized for a non-volatile semiconductor memory 
device. In other words, in order to further increase the 
degree of integration for a nonvolatile semiconductor 
memory device, it is indispensable to improve the drain- 
disturb characteristics. 

[0012] Secondly, since the accumulation of holes 
deteriorates the quality of a gate oxide film, the reliability 
is adversely deteriorated. 

SUMMARY OF THE INVENTION 

[001 3] The object of the present invention is realizing 
an even higher degree of integration for and improving 
the reliability of a nonvolatile semiconductor memory 
device of the type including a floating gate electrode for 
a memory cell by improving the drain-disturb character- 
istics thereof so as to prevent holes from entering and 
being accumulated in a gate oxide film. 
[001 4] The nonvolatile semiconductor memory device 
of the present invention includes: a semiconductor sub- 
strate of a first conductivity type: a stacked gate portion 
formed by stacking a tunnel insulating film, a floating 
gate, a capacitive insulating film and a control gate in 
this order over the semiconductor substrate; 
source/drain regions of a second conductivity type, 
which are formed in an active region under the surface 
of the semiconductor substrate so as to sandwich the 
stacked gate portion therebetween; and a region of the 
first conductivity type surrounding the bottom of the 
drain region of the second conductivity type. The device 
performs a write operation by generating hot carriers 
with the application of a voltage between the drain and 
the source. The drain region at least includes a first dif- 
fusion layer containing a first impurity of the second 
conductivity type, and a second diffusion layer contain- 
ing a second impurity of the second conductivity type 
having a larger range than that of the first impurity dur- 
ing ion implantation. At least the second diffusion layer 
overlaps with an entire edge of the stacked gate portion 
in a gate width direction in the active region when the 
second diffusion layer and the stacked gate portion are 
viewed from above. 



[001 5] In this device, the drain region includes first and 
second diffusion layers containing at least two types of 
impurities of the second conductivity type, and at least 
the second diffusion layer overlaps with an entire edge 

5 of the stacked gate portion in a gate width direction in 
the active region. Thus, though an abrupt p-n junction is 
still formed between the drain region and the region of 
the first conductivity type, it is possible to eliminate a 
part not overlapping with the floating gate from the drain 

10 region. Accordingly, the drain-disturb characteristics 
can be improved and improvement of reliability and an 
even higher degree of integration are realized without 
decreasing a write speed or increasing the short chan- 
nel effect. 

15 [0016] In one embodiment of the present invention, 
the first impurity may be arsenic and the second impu- 
rity may be phosphorus. Then, the above-described 
effects can be attained by utilizing the fact that the range 
of phosphorus during ion implantation is larger than that 

20 of arsenic. 

[0017] In another embodiment, the source region pref- 
erably consists of regions of the second conductivity 
type. 

[0018] In still another embodiment, the diffusion coef- 
25 ficient of the second impurity is preferably larger than 
that of the first impurity during heat treatment for activat- 
ing the impurities. 

[001 9] A method for fabricating a nonvolatile semicon- 
ductor memory device according to the present inven- 

30 tion includes the steps of: a) forming a stacked gate 
portion by stacking a tunnel insulating film, a floating 
gate, a capacitive insulating film and a control gate in 
this order over a semiconductor substrate of a first con- 
ductivity type; b) forming source/drain regions of a sec- 

35 ond conductivity type in an active region under the 
surface of the semiconductor substrate so as to sand- 
wich the stacked gate portion therebetween; and c) 
forming a region of the first conductivity type surround- 
ing the bottom of the drain region of the second conduc- 

40 tivity type. In the step b), at least two types of Impurity 
ions of the second conductivity type having respectively 
different ranges are implanted and a heat treatment is 
conducted, thereby forming the drain region so as to 
include at least two types of diffusion layers of the sec- 

45 ond conductivity type, one of the two types of diffusion 
layers containing the impurity ions having the larger 
range overlapping with an entire edge of the stacked 
gate portion in a gate width direction in the active region 
when the diffusion layer and the stacked gate portion 

50 are viewed from above. 

[0020] In accordance with this method, a nonvolatile 
semiconductor memory device attaining the above- 
described effects can be formed easily. 
[0021 ] In one embodiment of the present invention, in 

55 the step b). a dose of the impurity ions having the larger 
range is preferably set smaller than a dose of the impu- 
rity ions having the smaller range. 
[0022] In another embodiment, in the step b). at least 
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one out of the at least two types of impurity ions of the 
second conductivity type may be Implanted immediately 
after the stacked gate portion has been formed. Then, 
the second diffusion layer of the drain region can be 
formed to reach a point inside the stacked gate portion. 5 
[0023] In still another embodiment, In the step c), the 
region of the first conductivity type is preferably formed 
by implanting impurity ions of the first conductivity type 
at a tilt angle of 20 degrees or more with respect to the 
normal of the semiconductor substrate in accordance 10 
with large-angle-tilt Ion Implantation technique such that 
the impurity ions are also implanted into a region under 
the stacked gate portion. In such an embodiment, the 
region of the first conductivity type can be easily formed 
to sun^ound the bottom of the drain region of the second is 
conductivity type below the stacked gate portion. 
[0024] In still another embodiment, the impurity ions 
having the larger range preferably have a larger diffu- 
sion coefficient than that of the impurity ions having the 
smaller range during heat treatment for activating the 20 
impurities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 25 

Figure 1 is a cross-sectional view illustrating a 
memory cell structure of a nonvolatile semiconduc- 
tor memory device in the first embodiment. 
Rgures 2(a) through 2(c) are cross-sectional views 30 
illustrating the first half of the process steps for fab- 
ricating the nonvolatile semiconductor memory 
device in the first embodiment. 
Rgures 3(a) through 3(c) are cross-sectional views 
illustrating the second half of the process steps for 35 
fabricating the nonvolatile semiconductor memory 
device in the first embodiment. 
Rgure 4 is a plan view illustrating a part of an array 
of memory cells for the nonvolatile semiconductor 
memory device in the first embodiment. 4o 
Rgure 5(a) is a cross-sectional view taken along 
the line Va-Va in Figure 4; and 
Rgure 5(b) is a diagram showing the variation in 
concentrations of impurities with respect to horizon- 
tal positions along the channel direction. 45 
Rgure 6(a) is a cross-sectional view taken along 
the line Vla-Vla in Rgure 4; 
Rgure 6(b) is a diagram showing the variation in 
concentrations of impurities with respect to horizon- 
tal positions along the channel direction: and 50 
Rgure 6(c) is a schematic cross-sectional view 
illustrating how the accumulation of hot holes is 
suppressed at one end of the drain. 
Figure 7 is a graph illustrating the drain-disturb 
characteristics of the nonvolatile semiconductor ss 
memory device of the first embodiment and a non- 
volatile serniconductor memory device of a compar- 
ative example. 



Figure 8(a) is a circuit block diagram showing an 
arrangement for an array of memory celts in a con- 
ventional non-volatile semiconductor memory 
device; and 

Rgure 8(b) is a circuit block diagram showing an 
arrangement for an array of memory cells in the 
nonvolatile semiconductor memory device of the 
first embodiment. 

Figure 9(a) through 9(e) are circuit block diagrams 
and schematic cross-sectional views illustrating a 
method for inspecting an array of memory cells of a 
nonvolatile semiconductor memory device in the 
second emt)odiment. 

Rgures 10(a) through 10(c) are cross-sectional 
views illustrating the first half of the process steps 
for fabricating a nonvolatile semiconductor memory 
device in the third embodiment 
Rgures 11(a) through 11(c) are cross-sectional 
views illustrating the second half of the process 
steps for fabricating the nonvolatile semiconductor 
memory device in the third embodiment. 
Rgures 12(a) through 12(g) are cross-sectional 
views illustrating the process steps for fabricating a 
nonvolatile semiconductor memory device of 'a 
comparative example. 

Rgure 13 is a plan view illustrating a part of an 
array of memory cells for the nonvolatile semicon- 
ductor memory device of the comparative example. 
Rgure 14(a) Is a cross-sectional view taken along 
the line XlVa-XI Va in Figure 1 3; and ' 
Rgure 14(b) is a diagram showing the variation in 
concentrations of impurities with respect to horizon- 
tal positions along the channel direction. 
Rgure 15(a) Is a cross-sectional view taken along 
the line XVa-XVa in Figure 13; 
Rgure 15(b) is a diagram showing the variation in 
concentrations of impurities with respect to horizon- 
tal positions along the channel direction; and 
Rgure 15(c) is a schematic cross-sectional view 
illustrating how hot holes are accumulated at and 
enter one end of the drain. 

Rgure 16(a) is a cross-sectional view illustrating a 
memory cell structure of a conventional nonvolatile 
semiconductor memory device described in the 
above-identified article of lEDEM 90; and 
Rgure 16(b) is a flow chart illustrating the process 
steps for fabricating the conventional nonvolatile 
semiconductor memory device. 
Rgures 17(a) and 17(b) are cross-sectional views, 
taken along the line XVIIa-XVIIa in Figure 4. illus- 
trating how respective ion implanted layers and 
impurity diffusion regions are formed during implan- 
tation of impurity ions. 

Figures 18(a) and 18(b) are cross-sectional views, 
taken along the line XVIIIa-XVIIIa in Figure 13. illus- 
trating how respective ion inplanted layers and 
impurity diffusion regions are formed during implan- 
tation of impurity ions. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

EMBODIMENT 1 

[0026] Hereinafter, the first embodiment of the present 
invention will be described with reference to the draw- 
ings. Figure 1 is a cross-sectional view illustrating a 
structure for a nonvolatile semiconductor memory 
device of this embodiment. Figures 2(a) through 2(c) 
and Figures 3(a) through 3(o) are cross-sectional views 
illustrating the process steps for fabricating the nonvola- 
tile semiconductor memory device of this embodiment, 
[0027] As shown in Figure 1 , the nonvolatile semicon- 
ductor memory device of this embodiment includes a 
stacked gate portion 10 on a p-type Si substrate 1 con- 
taining B (boron) ions of the first conductivity type. The 
stacked gate portion 10 is formed by stacking: a tunnel 
Insulating film 2 made of silicon dioxide; a floating gate 
electrode 3 made of polysilicon; a capacitive insulating 
film 4 made of ONO; and a control gate electrode 5 
made of polysilicon and functioning as a word line In this 
order over the substrate 1. Insulator side-walls 25, 
made of silicon dioxide, are provided on the side sur- 
faces of the entire stacked gate portion 1 0. In respective 
regions of the p-type Si substrate 1. n^* drain/source 
layers 26a. 26b containing arsenic (As) at a high con- 
centration, and n'^ drain/source layers 22. 20. which 
contain arsenic at a relatively high concentration and 
are formed so as to surround the bottoms of the n"*""^ 
drain/source layers 26a. 26b. respectively, are formed in 
the vicinity of the insulator sidewalls 25. Also, an n' 
source layer 21 containing P (phosphorus) is formed so 
as to surround the bottom of the n+ source layer 20 in 
the source region of the p-type Si substrate 1 . On the 
other hand, in the drain region of the p-type Si substrate 
1 , an n' drain layer 23 containing phosphorus is formed 
inside the n*** drain layer 22 so as to overlap with the 
stacked gate portion 1 0 and a p layer 24 Is formed so as 
to surround the bottoms of the n"*^ and n' drain layers 22 
and 23. 

[0028] That is to say, the nonvolatile semiconductor 
memory device of this embodiment is primarily charac- 
terized by the drain region including: the n"^* drain layer 
26a containing arsenic as an impurity of the second 
conductivity type; the n^ drain layer 22 also containing 
arsenic; and the n* drain layer 23 containing, as an 
impurity of the second conductivity type, pho^horus 
having a broader range during ion implantation and a 
larger diffusion coefficient during heat treatment than 
those of arsenic. In other words, the memory cell struc- 
ture of this embodiment is greatly different frorh that of 
the nonvolatile semiconductor memory device 
described In the above-identified article in that the 
device of this embodiment includes the n' drain layer 23. 
And the n' drain layer 23 overlaps with an entire edge of 
the stacked gate portion 10 In the width direction (i.e., 
the direction orthogonal to the cross section shown In 



Figure 1) In an active region isolated by a LOCOS Iso- 
lating film 27 (see Figure 4). The secondary feature of 
the nonvolatile semiconductor memory device of this 
embodiment lies in that the p layer 24 is formed only In 

5 the drain region and a p-type diffusion layer, corre- 
sponding to the p-pocket 124b described in the above- 
identified article, Is not formed in the source region. 
[0029] So-called "gate bird's beaks'* 7 are formed in 
ridge portions of the floating gate electrode 3 in the 

10 vicinity of the source/drain regions as a result of the oxi- 
dation of the polysilicon film as if the ridge portions of 
the floating gate electrode 3 were chamfered. 
[0030] Hereinafter, a method for fabricating the non- 
volatile semiconductor memory device shown in Figure 

15 1 will be described with reference to Figure 2(a) through 
Figure 3(c). 

[0031 ] First, In the process step shown In Figure 2(a), 
a p well and a LOCOS Isolating film (neither is shown) 
are formed in the p-type Si substrate 1. Next, a silicon 

20 dioxide film having a thickness of about 10 nm, a first 
polysilicon film, an ONO film having a thickness of about 
18 nm, and a second polysilicon film are sequentially 
deposited over the p-type Si substrate 1 . And the sec- 
ond polysilicon film, the ONO film, the first polysilicon 

25 film and the silicon dioxide film are sequentially pat- 
terned, thereby forming the stacked gate portion 10 
including the control gate electrode 5. the capacitive 
insulating film 4. the floating gate electrode 3 and the 
tunnel insulating film 2. 

30 [0032] Then, in the process step shown in Figure 2(b), 
a thermal oxidation process is conducted, thereby form- 
ing a protective oxide film 6 over the entire surface of the 
substrate. During this oxidation process, the ridge por- 
tions at the lower ends of the floating gate electrode 3 

35 are oxidized to form the gate bird's beaks 7. The protec- 
tive oxide film 6 is formed to prevent unnecessary con- 
tamination during the implantation of various types of 
ions. Also, since the gate bird's beaks 7 are simultane- 
ously formed, the ridge portions of the floating gate 

40 electrode 3 are as It were chamfered, thereby reducing 
the concentration of a high electric field at the ends of 
the floating gate electrode 3. 

[0033] Next, in the process step shown in Figure 2(c). 
a resist film 8 is formed to cover approximately half of 
45 the stacked gate portion 10 and the entire drain region 
of the p-type Si substrate 1 and have an opening over 
the source region of the p-type Si substrate 1 . And by 
using this resist film 8 as a mask, impurity ions are 
implanted into the source region of the p-type Si sub- 
so strate 1. First arsenic (As*) Ions are implanted on the 
conditions that the acceleration voltage is set In the 
range from 30 keV to 80 keV (preferably from 35 keV to 
60 keV) and the dose is set at about 6x10'*^ cm*^. 
thereby forming an arsenic ion implanted layer 11. 
55 Then, phosphorus (P"^) ions are implanted on the condi- 
tions that the acceleration voltage is set in the range 
from 30 keV to 80 keV (preferably from 35 keV to 60 
keV) and the dose is set at about 1.5x10''^ cm"^. 
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thereby forming a phosphorus ion Implanted layer 12. In 
Figure 2(c), only the peak portions of the arsenic and 
phosphorus ion implanted layers 11, 12 are illustrated. 
However, in actuality, the arsenic and phosphorus ion 
implanted layers 11.12 both expand over wide areas in 
the depth direction. 

[0034] Subsequently, in the process step shown in 
Figure 3(a). a resist film 13 is formed to cover the other 
half of the stacked gate portion 10 and the entire source 
region of the p-type Si substrate 1 and have an opening 
over the drain region of the p-type Si substrate 1 . And by 
using this resist film 13 as a mask, impurity ions are 
implanted into the drain region of the p-type SI substrate 
1 . First, As* ions are implanted on the conditions that 
the acceleration voltage is set in the range from 30 keV 
to 80 keV (preferably from 35 keV to 60 keV) and the 
dose is set at about 5x10^"* cm"^, thereby forming an 
arsenic ion implanted layer 17. Thereafter. P"^ ions are 
implanted on the conditions that the acceleration' volt- 
age is set in the range from 30 keV to 80 keV (preferably 
from 35 keV to 60 keV) and the dose is set at about 1 x 
lO"""^ cm"2. thereby forming a phosphorus ion implanted 
layer 18. And then boron (B+) ions are implanted on the 
conditions that the acceleration voltage is set in the 
range from 40 keV to 70 keV (preferably from 45 keV to 
60 keV) and the dose is set at about 2.5 x 10^^ cm"^. 
thereby forming a boron ion implanted layer 19. In Fig- 
ure 3(a). only the peak portions of the arsenic, phospho- 
rus and boron ion implanted layers 17, 18, 19 are 
illustrated. However, in actuality, the arsenic, phospho- 
rus and boron ion implanted layers 17. 18. 19 all expand 
over wide areas in the depth direction. In this process 
step, B* ions are implanted in accordance with large- 
angle-tilt ion implantation technique in which the implant 
angle is set to be tilted 45 degrees with respect to the 
normal of the principal surface of the p-type Si substrate 
1. In this manner, the boron ion implanted layer 19 can 
be formed to reach a region overlapping with the 
stacked gate portion 10. 

[0035] Thereafter, in the process step shown in Figure 
3(b), a heat treatment is conducted at about 900**C. 
thereby activating and diffusing the impurities in the 
respective arsenic, phosphorus and boron ion 
implanted layers 11. 17, 12, 18. 19. In this manner, n* 
and n" source layers 20. 21 are formed in the source 
region of the p-type Si substrate 1, while n* and n'drain 
layers 22, 23 and a p layer 24 are formed in the drain 
region thereof. In this process step, as a result of the 
heat treatment, the n' source layer 21 containing phos- 
phorus having relatively large range and diffusion coef- 
ficient Is formed to surround the bottom of the n+ source 
layer 20 containing arsenic having smaller range and 
diffusion coefficient than those of phosphorus in the 
source region of the p-type Si substrate 1, Also. In the 
vicinity of the surface of the p-type Si substrate 1 . the n' 
source layer 21 is formed over a wide area so as to 
overlap with the stacked gate portion 1 0. 
[0036]' In this specification, the "range" means a dis- 
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tance from the surface of a substrate to the center of 
density distribution of ions implanted into the substrate. 
Thus, even when two different types of ions are 
implanted with the same implant energy, the ranges 

5 thereof are different from each other depending upon 
the mass, the atomic radius and the like of the ions. On 
the other hand, the "diffusion coefficient" is a concept 
representing how easy particles diffuse. The diffusion 
coefficient of the same Impurity varies depending upon 

10 the temperature, the concentration of the impurity and 
the plane orientation. In this specification, the magni- 
tudes of diffusion coefficients are compared to each 
other when these parameters are assumed to be equal 
to each other. 

15 [0037] On the other hand, in the drain region of p-type 
SI substrate 1 . the n" drain layer 23 containing phospho- 
rus having relatively large range and diffusion coeffi- 
cient is formed In a wider area than that of the n+ drain 
layer 22 containing arsenic having smaller range and 

20 diffusion coefficient than those of phosphorus. Also, In 
the vicinity of the surface of the p-type Si substrate 1 , 
the n' drain layer 23 is formed so as to overlap with the 
stacked gate portion 10. However, since phosphorus 
contained in the phosphorus ion implanted layer 18 Is at 

25 a relatively low concentration, phosphorus Is neutralized 
witii boron in the boron ion implanted layer 19 in the 
deeper regions of the p-type Si substrate 1 . Thus, the n' 
drain layer 23 is formed only in the vicinity of the surface 
of the p-type Si substrate 1 to overlap witii the stacked 

30 gate portion 1 0. The p layer 24 containing boron, which 
has been Implanted with relatively high energy and have 
a larger diffusion coefficient, is formed to surround the 
bottoms of the n*** and n' drain layers 22. 23 and to reach 
an inner point under the stacked gate portion 10 than 

35 the n" drain layer 23 in the region in the vicinity of the 
surface of the p-type Si substrate 1 . 
[0038] Then, in the process step shown in Figure 3(c). 
a silicon dioxide film is deposited over the entire surface 
of the substrate and then etched back, thereby forming 

40 insulator sidewalls 25 on the side surfaces of the 
stacked gate portion 10. Thereafter, arsenic ions are 
implanted at a high concentration with the stacked gate 
portion 10 and the insulator sidewalls 25 used as a 
mask, thereby forming n** drain/source layers 26a, 26b 

45 In the vicinity of the insulator sidewalls 25 in the p-type 
Si substrate 1 . 

[0039] The method for fabricating a nonvolatile semi- 
conductor memory device In this embodiment is charac- 
terized by using two types of ions (P*. As"*") having 

50 respectively different ranges and diffusion coefficients 
for forming the respective n layers in the drain region. It 
is noted that the dose of phosphorus having a higher dif- 
fusion coefficient and a broader range is set smaller 
than the dose of arsenic having a lower diffusion coeffi- 

55 cient and a narrower range in order to maintain an 
abrupt p-n junction betweeri the n-type layers and the p- 
type layer 24 in the drain region. By employing fabrica- 
tion process steps such as these, planar and cross-sec- 
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tional structures to be described below are realized for a 
memory cell. 

COMPARATIVE EXAMPLE TO EMBODIMENT 1 

[0040] Next, in order to confirm the effects attained by 
the first embodiment, a comparative example will be 
described. In the comparative example, a p-type layer, 
not the pair of p-pockets 124a, 124b in the drain/source 
regions, is formed as in the first embodiment only in the 
drain region of the memory cell structure for the nonvol- 
atile semiconductor memory device described in the 
above-identified article. 

[0041] Rgures 12(a) through 12(g) are cross-sec- 
tional views illustrating the process steps for ^brlcating 
the nonvolatile semiconductor memory device of this 
comparative example. 

[0042] First, in the process steps shown in Figures 
- '12(a) through 12(c), the same process steps as those 
illustrated in Figures 2(a) through 2(c) of the first 
embodiment are performed. Specifically, first, a stacked 
gate portion 10. including a tunnel insulating film 2, a 
floating gate electrode 3. a capadtive insulating film 4 
and a control gate electrode 5, is formed on a p-type Si 
substrate 1. Next, a protective oxide film 6 is formed 
over the entire surface of the substrate. And then 
arsenic and phosphorus ion implanted layers 1 1 and 12 
are formed in the source region of the p-type Si sub- 
strate 1. During these process steps, the same condi- 
tions as those of the first embodiment are employed. 
[0043] Subsequently, in the process step shown in 
Figure 12(d), a resist film 13 is formed to cover approx- 
imately one half of the stacked gate portion 10 and the 
source region of the p-type Si substrate 1 and have an 
opening over the drain region of the p-type Si substrate 
1 as in the process step shown in Figure 3(a) of the first 
embodiment. And by using this resist film 13 as a masK 
impurity ions are Implanted Into the drain region of the 
p-type Si substrate 1. In this comparative example, the 
arsenic and boron ion implanted layers 17. 19 are 
formed, but the phosphorus ion implanted layer 18 
shown in Figure 3(a) is not formed. The Ion implantation 
conditions for forming the arsenic and boron ion 
implanted layers 17, 19 are the same as those 
employed in the first embodiment. 
[0044] Thereafter, in the process step shown in Figure 
12(e). a heat treatment Is conducted at about 900''C. 
thereby activating and diffusing the Impurities in the 
respective arsenic, phosphorus and boron ion 
implanted layers 11, 12, 17. 19. In this manner, n"^ and 
• n" source layers 20. 21 are formed in the source region, 
while an n'*' drain layer 22 and a p layer 24 are formed in 
the drain region. That is to say, this comparative exam- 
ple is different from the first emkxjdiment in that the n' 
drain layer dose not exist in the device of this compara- 
tive example. 

[0045] Then,. in the process step shown in Figure 
12(f). insulator sidewalls are formed, and arsenic ions 



are implanted, thereby forming n^'^ drain/source layers 
26a. 26b as shown in Figure 12(g). 

COMPARISON BETWEEN COMPARATIVE EXAMPLE 
5 AND EMBODIMENT 1 

[0046] Figure 4 is a plan view illustrating a memory 
cell for the nonvolatile semiconductor memory device of 
the first embodiment. Figure 5(a) is a cross-sectional 

10 view taken along the line Va-Va in Figure 4, and Figure 
5(b) is a diagram showing the variation in concentra- 
tions of impurities with respect to horizontal positions 
along the channel direction. Figure 6(a) Is a cross-sec- 
tional view taken along the line Via- Via in Figure 4; Rg- 

15 ure 6(b) is a diagram showing the variation in 
concentrations of impurities with respect to horizontal 
positions along the channel direction; and Figure 6(c) is 
a view illustrating how tiie accumulation of hot holes is 
suppressed at one end of the drain. 

20 [0047] On the other hand. Figure 13 is a plan view 
illustrating a memory cell for the nonvolatile semicon- 
ductor memory device of tiie comparative example. Fig- 
ure 14(a) is a cross-sectional view taken along the line 
XlVa-XIVa in Figure 13, and Figure 14(b) is a diagram 

25 showing the variation in concentrations of impurities 
with respect to horizontal positions along the channel 
direction. Figure 15(a) is a cross-sectional view taken 
along tiie line X>^-XVa in Figure 13; Figure 15(b) is a 
diagram showing the variation in concentrations of 

30 impurities with respect to horizontal positions along the 
channel direction; and Figure 15(c) is a view illustrating 
how hot holes are accumulated at and enter one end of 
the drain. Figure 17(a) is a cross-sectional view, taken 
along the line XVIIa-XVIla in Figure 4. illustrating how 

35 respective ion implanted layers are formed during 
implantation of impurity ions; and Rgure 17(b) is a 
cross-sectional view,- taken along the same line, illus- 
trating how respective impurity diffusion regions are 
formed after an activation treatment has been per- 

40 formed. Figure 18(a) is a cross-sectional view, taken 
along the line XVIIIa-XVIMa in Figure 1 3, illustrating how 
respective ion implanted layers are formed during 
implantation of impurity ions; and Rgure 18(b) Is a 
cross-sectional view, taken along the same line, illus- 

45 trating how respective impurity diffusion regions are 
formed after an activation treatment has been per- 
formed. 

[0048] As shown in Figure 13. in the drain region of 
the memory cell in this comparative example, the n"^ 

so drairi layer 22. formed by implanting arsenic ions, does 
not reach the region under the floating gate electrode 3 
in the vicinity of a point Pt at which the n*** drain layer 22, 
a LOCOS isolating film 27 and the control gate elec- 
trode 5 as a word line (or the floating gate electrode 3) 

55 intersect with each other. This is because of the follow- 
ing reasons. 

[0049] First, when arsenic ions are implanted, most of 
the ions are blocked by the bird's, beaks of the LOCOS 
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isolating film 27 because the range of arsenic ions is rel- 
atively small. On the other hand, boron ions, having a 
larger range than that of arsenic ions, pass through the 
bird's beaks of the LOCOS Isolating film 27, Thus, as 
shown in Figure 18(a), In the cross section orthogonal 5 
to the gate length direction of the floating gate electrode 
3. the boron ion implanted layer 19 is formed to reach a 
region immediately under the bird's beaks of the 
LOCOS isolating film 27. whereas the arsenic ion 
implanted layer 17 Is not formed to reach the region 70 
immediately under the bird's beaks of the LOCOS Iso- 
lating film 27. In addition, during a heat treatment for 
activating these impurities, arsenic shows a smaller dif- 
fusion coefficient than that of boron. As a result, after 
the heat treatment for activating the impurities has been 75 
conducted, the p layer 24 reaches deep into the region 
under the LOCOS isolating film 27, but the n* drain layer 
22 does not reach the region under the LOCOS Isolat- 
ing film 27, as shown in Figure 18(b). 
[0050] By comparison, as shown in Figure 4, in the 20 
drain region of the memory cell in the first embodiment, 
the n+ drain layer 22, formed by implanting arsenic ions, 
does not either reach the region under the floating gate 
electrode 3 in the vicinity of the point R at which the 
LOCOS isolating film 27 and the control gate electrode 25 
5 as a word line intersect with each other as in the com- 
parative example. However, in this embodiment, the n' 
drain layer 23 is formed wide enough to reach the region 
under the floating gate electrode 3. This is because of 
the follQwtng reasons. 30 
[0051] When phosphorus ions are implanted, the 
phosphorus ions, having a range larger than that of 
arsenic and smaller than that of boron, are blocked by 
the thicker portions of the bird's beaks of the LOCOS 
isolating film 27. but pass through the less thick portions 35 
of the bird's beaks. Thus, as shown in Figure 17(a), in 
the cross section orthogonal to the gate length direction 
of the floating gate electrode 3. the phosphorus ion 
Implanted layer 18 is formed to reach a region immedi- 
ately under the less thick portion of the bird's beaks of 40 
the LOCOS isolating film 27. That is to say. the phos- 
phorus ion implanted layer 18 is formed to reach an 
intermediate position between the boron ion implanted 
layer 19 and the arsenic ion implanted layer 17. In addi- 
tion, the diffusion coefficient of phosphorus Is larger 45 
than that of arsenic. As a result, after the heat treatment 
for activating the impurities has been conducted, the n" 
drain layer 23 is formed to reach the region under the 
LOCOS isolating film 27. as shown in Figure 1 7(b). 
[0052] Such a structural difference will be described in so 
detail with reference to the cross-sectional structures 
. taken along the gate length direction of the floating gate- 
electrode 3. In the cross section, passing the centerline 
of the drain region, of the memory cell in the compara- 
tive example, the n"^ drain layer 22 reaches the region 55 
under the floating gate electrode 3 as shown in Figures 
1,4(3) and 14(b). Similarly, in the cross section, passing 
the centerline of the drain region, of the memory cell in 



the first embodiment, the n"^ drain layer 22 also reaches 
the region under the floating gate electrode 3 as shown 
in Figures 5(a) and 5(b), and overlaps with the floating 
gate electrode 3 to substantially the same degree as the 
n- drain layer 23. That is to say. in the center portion of 
the drain region, the area of the n' drain layer 23 is so 
narrow that an abrupt p-n junction is formed between 
the p layer 24 and the n* drain layer 22 as in the mem- 
ory cell of the comparative example. Thus, it can be 
understood that the memory cell off the first embodiment 
can generate a sufficiently large number of channel hot 
electrons required for the write operation of the nonvol- 
atile semiconductor memory device and that the write 
operation is very unlikely to be disturbed. 
[0053] On the other hand, in the cross section passing 
one end of the drain region (i.e.. in the vicinity of the 
intersection Pi) of the memory celt in the comparative 
exanple, the n+ drain layer 22 does not reach the region 
under the floating gate electrode 3 and does not overlap 
with the floating gate electrode 3 when viewed from 
above as shown In Figures 15(a) and 15(b). As a result, 
the p-n junction, i.e., the region where hot holes are 
generated owing to GIDL, is located at the same posi- 
tion as the edge of the gate at which the electric field is 
concentrated. Accordingly, the electric field applied 
between the floating gate electrode and the drain of a 
non-selected memory cell connected to a selected bit 
line has as high intensity as about 7 MV/cm during a 
write operation as shown in Figure 15(c). Thus, it is 
highly probable that generated hot holes travel long way 
to reach so far as the inside of the tunnel insulating film 
2 and thereby produce hot holes traps. And it is also 
highly probable that the holes reach the floating gate 
electrode 3. On the other hand, on the cross section 
passing the end of the drain of the memory cell of the 
first embodiment, the n"^ drain layer 22 does not either 
reach the region under the floating gate electrode 3. but 
the n" drain layer 23 does reach the region under the 
floating gate electrode 3 as shown in Figures 6(a) and 
6(b). As a result, as shown in Figure 6(c). the p-n junc- 
tion, i.e., the region where hot holes are generated 
owing to GIDL. is located at a different position than the 
edge of the gate at which the electric field is concen- 
trated. Accordingly, In the region where hot holes are 
generated owing to GIDL, the intensity of the electric 
field applied to the gate oxide film of a non-selected 
memory cell connected to a selected bit line is weak- 
ened to about 3 MV/cm during a write operation. Thus, 
it Is less probable that hot holes, generated during writ- 
ing, reach the inside of the tunnel insulating film 2. That 
is to say, even if hot-hole traps have been produced 
inside the tunnel insulating film 2. such traps are pro- 
duced nowhere but the vicinity of the surface of the tun- 
nel insulating film 2. The above-described effects can 
be attained by using impurity ions having a larger range 
than that of arsenic ions. However, these effects can be 
attained with more certainty by using impurity ions, such 
as phosphorus ions, having not only a larger range but 
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also a larger diffusion coeffident during a heat treat- 
ment. 

[0054] It is imaginable that arsenic ions might pass 
through a part of the bird's beaks by setting the implant 
energy for implanting the arsenic ions at a larger value. 
However, If the implant energy is too large, then the 
peak of concentration of the n^ drain layer 22 is located 
at a position deep inside the substrate. In such a case, 
writing into the floating gate electrode 3 might be unsat- 
isfactory and the basic performance of the nonvolatile 
semiconductor memory device might be deteriorated. 
Also, the arsenic Ions, which have been accelerated 
with such high energy, might pass through the protec- 
tive oxide film 6 and do damage to the tunnel insulating 
film 2. Furthermore, since the n"^ drain layer 22 is 
located at a position deep inside the substrate, the prop- 
erties of the LOCOS isolating film 27 might be deterio- 
rated. 

[0055] Figure 7 is a graph illustrating the drain-disturb 
characteristics during writing. In Figure 7, the axis of 
abscissas represents a drain stress time during which 
voltages of 0 V and 5 V are continuously applied to a 
word line and the drain, respectively, while the axis of 
ordinates represents a threshold voltage, that is, a gate 
voltage at which drain current at a constant level starts 
to flow when the drain voltage is set at 1.0 V and the 
gate voltage is increased. VTW and VTE on the axis of 
ordinates respectively represent a post-writing thresh- 
old voltage and a post-erasure threshold voltage of the 
nonvolatile semiconductor memory device. As can be 
understood from Figure 7. in the nonvolatile semicon- 
ductor memory device of the comparative example, 
when the drain stress time reaches about 10 seconds, 
the post-writing threshold voltage VTW becomes closer 
to the post-erasure threshold voltage VTE. As a result, 
misjudgment such as taking a memory cell In erasure 
state for a memory cell in a write state and vice versa, 
possibly happens. By contrast, in the nonvolatile semi- 
conductor memory device of the first embodiment, there 
is no fear of such misjudgment until the drain stress time 
reaches about 100 seconds. In other words, the first 
embodiment guarantees a tenfold longer drain stress 
time limit, until which the variation in threshold voltages 
does not happen. As can be understood, the drain-dis- 
turb characteristics of the nonvolatile semiconductor 
memory device of the first embodiment are much supe- 
rior to those of the conventional nonvolatile semicon- 
ductor memory device. 

[0056] The memory cell structure of the nonvolatile 
semiconductor memory device described in the article 
of lEDEM 90 is equivalent to the structure of the com- 
parative example if the n' source layer 21 of the source 
region is replaced by the p-type pocket layer 124b. How- 
ever, the structure of the drain region of the article is 
fundamentally the same as that of the memory cell 
structure in the comparative exarnple. Accordingly, the 
drain-disturb characteristics of the nonvolatile semicon- 
ductor-memory device described in the article of lEDEM 



90 may be regarded as substantially the same as those 
of the memory cell in the comparative example. 
[0057] As described above, in the nonvolatile semi- 
conductor memory device of the first embodiment, the 

5 n"^ drain layer 22 sufficiently overlaps with the floating 
gate electrode 3 and yet forms an abrupt p-n junction 
with the p layer 24 on the cross section passing the cen- 
terline of the drain region of the memory cell. Thus, 
when the nonvolatile semiconductor memory device 

10 performs a write operation, a sufficiently large number 
of channel hot electrons are generated and a write 
speed as high as that of a conventional nonvolatile sem- 
iconductor memory device can be maintained. On the 
other hand, on the cross section passing the end of the 

15 drain region, the n" drain layer 23 sufficiently overlaps 
with the floating gate electrode 3 as viewed from above. 
Thus, the intensity of the electric field applied between 
the floating gate electrode and the drain in the vicinity of 
the p-n junction In the drain -disturb state during writing 

20 is weakened and the drain-disturb characteristics can 
be improved during writing as shown in Figure 7. That is 
to say, a highly reliable non-volatile semiconductor 
memory device Is realized. 

[0058] It is noted that the n* drain layer 23 should at 
25 least be formed to sufficiently overlap with the floating 
gate electrode 3 in the vicinity of the LOCOS isolating 
film 27. Even then, there is no fear that the short chan- 
nel effects are promoted. 

[0059] Since the drain-disturb characteristicsvare 
30 improved according to the present Invention, the follow- 
ing effects can be attained. 

[0060] Figures 8(a) and 8(b) are circuit block diagrams 
illustrating memory cell array structures for a conven- 
tional noiii-volatlle semiconductor memory device and 

35 the nonvolatile semiconductor memory device of the 
first embodiment, respectively. Considering the inferior 
drain-disturb characteristics thereof, in a conventional 
memory cell array structure, an array of memory cells 
should be divided into several blocks, a sense amplifier 

40 SA should be provided for each bit line in each block 
and a write operation should be performed on the block 
basis as shown in Figure 8(a). This is because, if the 
number of memory cells connected to a common bit line 
is too large, then the drain stress time is adversely pro- 

45 longed and the variation in threshold voltages possibly 
happens. 

[0061] By contrast, in the memory cell anray of. the 
nonvolatile semiconductor memory device of the 
present invention, all the memory cells may be arranged 

50 within a single block and only a single sense ampliifier 
SA should be disposed per bit line as shown in Figure 
8(b). This is because, even if the drain stress time is 
prolonged as the number of memory cells connected to 
a common bit line is increased, the variation in threshold 

55 voltages rarely happens. Of course, if the number (i.e.. 
the degree of integration) has increased by leaps and 
bounds, it might be necessary to divide the memory cell 
array into several blocks. Even so. the number of blocks 
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can still be only one-tenth compared to the memory cell 
array of a conventional nonvolatile semiconductor mem- 
ory device. Thus, according to the present invention, not 
only the costs but also the number of sense amplifies, 
occupying a large area in total, can be reduced. As a 5 
result, the degree of integration can be considerably 
increased for a nonvolatile semiconductor memory 
device. 

[0062] It is noted that in order to attain the above- 
described effects of the first embodiment, the concen- 10 
tration of phosphorus In the n" drain layer 23 shown in 
Figure 1 is preferably in the range from 3x10^® cm ^ to 
1 X 10^^ cm'2. In order to obtain such an appropriate 
concentration range, the dose of P* ions is preferably in 
the range from 3 x lo'*^ cm'^ to 1 x 1 0^"^ cni-^ in the ion 15 
Implantation process step shown in Figure 3(a). On the 
other hand, the concentration of boron in the boron ion 
Implanted layer 24 may be anywhere above 1 x lO''^ 
cm"2. The upper limit of .the concentration is variable 
depending upon the structure and type of a memory cell 20 
transistor of a nonvolatile semiconductor memory 
device, and therefore may be set at any arbitrary value 
so long as the memory cell transistor can operate 
smooth. 

25 

EMBODIMENT 2 

[0063] In this embodiment, a method for Inspecting a 
nonvolatile semiconductor memory device will be 
described. Even in the method for fabricating a nonvol- 30 
atile semiconductor memory device in the first embodi- 
ment, the n* drain layer 23 in the drain region may 
sometimes not sufficiently overlap with the floating gate 
electrode 3 because of deposition of dust, generation of 
defects and the like during a process. In such a case. 35 
hot hole traps are produced in the tunnel insulating film 
2, thereby deteriorating the drain<listurb characteristics 
and adversely varying the number of electrons in the 
floating gate electrode 3. Then, in accordance with the 
method illustrated in Figures 9(a) tiirough 9(e), defec- 40 
tive non-volatile semiconductor memory devices (mem- 
ory cells) can be detected. Such an inspection method 
is. however, exclusively applicable to the nonvolatile 
semiconductor memory device of the present invention, 
but may be broadly applicable to any nonvolatile semi- 45 
conductor memory device provided with a memory cell 
including a floating gate electrode. 
[0064] Figure 9(a) is a diagram schematically illustrat- 
ing an arrangement for an array of memory cells, in 
which a plurality of memory cells, each having the struc- so 
ture described in the first embodiment, for example, are 
arranged in columns and rows. In inspecting, all the 
memory cells, arranged in NOR fashion, are turned into 
erasure state beforehand, and then the read current of 
all the memory cells are sensed. To each word line 29. 55 
the control gates 5 of a plurality of non-volatile semicon- 
ductor memory devices (memory cells) are connected 
in common. And to each bit line 30. the n*+ drain layers 
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26a of a plurality of nonvolatile semiconductor memory 
devices (memory cells) are connected in common. In 
this array of memory cells arranged in NOR fashion, a 
plurality of word lines 29 and a plurality of bit lines 30 
are arranged in matrix and a single memory cell is dis- 
posed for each Intersection thereof. 
[0065] Next, as shown in Figure 9(b), a voltage at 
such a level as generating hot holes in tiie drain (e.g., 5 
V) is applied to all of the bit lines 30 for a predetermined 
time. In this state, no electrons are accumulated In each 
floating gate electrode 3 and thus the electric field 
applied between the floating gate electrode 3 and an 
associated drain has a relatively low intensity. Accord- 
ingly, hot hole traps such as that shown in Figure 9(c) is 
caused only in defective memory cells. 
[0066] Thereafter, as shown in Figure 9(d), a constant 
high voltage (e.g.. 8 V) is applied to all of the word lines 
29 for a predetermined time, and then the read current 
of all the memory cells arranged In NOR fashion is 
sensed. In this case, If tiie read current of a memory cell 
is different from already measured one when in the 
erasure state, then it can be determined that hot hole 
traps has been produced in the tunnel insulating film 
thereof. In such a case, the defective cell sensed is 
replaced with a redundant cell, or the entire nonvolatile 
semiconductor memory device including such a cell is 
determined defective. As shown in Figure 9(e). positive 
charge traps exist in the middle of or around the surface 
of the tunnel insulating film in the vicinity of the drain of 
a defective memory cell. Thus, the potential in the tun- 
nel Insulating film decreases, electrons are unintention- 
ally injected via the traps into the floating gate electrode 
3 and the state of such a memory cell gets variable, 
[0067] In accordance with the method of this embodi- 
ment, a memory cell in such a state tiiat drain-disturb 
phenomenon Is very likely to happen because of depo- 
sition of dust, generation of defects and the like during a 
fabrication process can be rapidly spotted electrically. 
This method is particularly effectively applicable to a 
nonvolatile semiconductor memory device having the 
structure of the present invention, because a memory 
cell, in which a drain layer does not sufficiently overlap 
with the floating gate electrode owing to such trouble, 
can be sensed electrically. 

EMBODIMENTS 

[0068] Next, the third embodiment of the present 
Invention will be described. Figures 10(a) through 10(c) 
and Figures 11(a) through 11(c) are cross-sectional 
views illustrating the process steps for fabricating tiie 
nonvolatile semiconductor memory device of the third 
embodiment. The nonvolatile semiconductor memory 
device of this embodiment has the same structure as 
tiiat of the device in the first embodiment shown in Fig- 
ure 1. but is'fabricated by a different method. 
[0069] / First, In the process step shown in Figure 
10(a). ap well and a LOCOS isolating film (neither is 
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shown) are formed in a p-type Si substrate 1 . Next, a sil- 
icon dioxide film having a thickness of about 10 nm, a 
first polysiiicon film, an ONO film having a thickness of 
about 18 nm. and a second polysiiicon film are sequen- 
tially deposited over the p-type SI substrate 1 . And a 5 
resist film 31 having a gate pattern to be formed is 
deposited thereon and. then anisotropic etching is per- 
formed with the resist film 31 used as a mask, thereby 
sequentially patterning the second polysiiicon film, the 
ONO film, the first polysiiicon film and the silicon dioxide w 
film. In this manner, a stacked gate portion 10 including 
a control gate electrode 5, a capacitive insulating film 4, 
a floating gate electrode 3 and a tunnel insulating film 2 
is formed. 

[0070] Thereafter, in the process step shown in Figure is 
10(b), P"^ ions are implanted on the conditions that the 
acceleration voltage is set in the range from 30 keV to 
80 keV (preferably from 35 keV to 60 keV) and the dose 
is set at about 1x10^^ cm'^, thereby forming a phos- 
phorus ion implanted layer 33 in the source/drain 20 
regions of the p-type Si substrate 1. 
[0071] Subsequently, in the process step shown in 
Figure 10(c), a thermal oxidation process is conducted, 
thereby forming a protective oxide film 6 over the entire 
surface of the substrate. During this oxidation process. 25 
the ridge portions at the lower ends of the floating gate 
electrode 3 are oxidized to form gate bird's beaks 7. The 
protective oxide film 6 is formed to prevent unnecessary 
contamination during the implantation of various types 
of ions. Also, since the gate bird's beaks 7 are simulta- 30 
neously formed, the ridge portions of the floating gate 
electrode 3 are as it were chamfered. 
[0072] Next, in the process step shown in Figure 
11(a), a resist film 8 is formed to cover approximately 
one half of the stacked gate portion 10 and the drain 35 
region of the p-type SI substrate 1 and have an opening 
over the source region of the p-type Si substrate 1 . And 
by using this resist film 8 as a mask, impurity ions are 
implanted into the source region of the p-type Si sub- 
strate 1. First. As* ions are implanted on the conditions 40 
that the acceleration voltage is set in the range from 30 
keV to 80 keV (preferably from 35 keV to 60 keV) and 
the dose is set at about 6x10''^ cm'^, thereby forming 
an arsenic ion implanted layer 11. Then, P* ions are 
implanted on the conditions that the acceleration volt- 45 
age is set In the range from 30 keV to 80 keV (preferably 
from 35 keV to 60 keV) and the dose Is set at about 1 .5 
X lO""^ cm"2, thereby forming a phosphorus ion 
implanted layer 12. In Figure 11(a), only the peak por- 
tions of the arsenic and phosphorus ion implanted lay- so 
ers 11, 12 are illustrated. However, in actuality, the 
arsenic and phosphorus ion Implanted layers 11, 12 
both expand over wide areas in the depth direction. 
[0073] Subsequently, in the process step shown in 
- Figure 1 1 (b). a resist film 1 3 is formed to cover the other ss 
half of the stacked gate- portion 10 and the source 
region of the p-type Si substrate 1 and have an opening 
over the drain region of the p-type Si substrate 1 . And by 
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using this resist film 13 as a mask, impurity ions are 
implanted into the drain region of the p-type Si substrate 
1. First, As* ions are implanted on the conditions that 
the acceleration voltage is set in the range from 30 keV 
to 80 keV (preferably from 35 keV to 60 keV) and the 
dose is set at about 5 x 10^"^ cm*^, thereby forming an 
arsenic ion implanted layer 17. Next. B* ions are 
implanted on the conditions that the acceleration volt- 
age is set in the range from 40 keV to 70 keV (preferably 
from 45 keV to 60 keV) and the dose is set at about 2.5 
X 10^^ cm*^, thereby forming a boron ion implanted 
layer 19. In Figure 11(b), only the peak portions of the 
arsenic, phosphorus and boron ion implanted layers 17, 
33, 19 are illustrated. However, in actuality, the arsenic, 
phosphorus and t>oron ion implanted layers 17. 33, 19 
all expand over wide areas in the depth direction. In this 
process step, B* ions are implanted in accordance with 
large-angle-tilt ion implantation technique in which the 
implant angle is set to be tilted 45 degrees with respect 
to the normal of the principal surface of the p-type SI 
substrate 1. In this manner, the boron ion implanted 
layer 19 can be formed to reach a region overlapping 
with the stacked gate portion 1 0. 
[0074] Thereafter, in the process step shown in Figure 
11(c), a heat treatment is conducted at about 900°C. 
thereby activating and diffusing the impurities in the 
respective arsenic, phosphorus and boron ion 
inplanted layers 11. 17. 12, 33. 19. In this nfianner. n"** 
and n' source layers 20. 21 are formed in the source 
region of the p-type Si substrate 1 . while n* and n'drain 
layers 22, 23 and a p layer 24 are formed in the drain 
region. In the source region in the p-type Si substrate 1. 
the concentration of phosphorus introduced into the 
phosphorus ion implanted layer 33 is lower than that of 
phosphorus introduced into the phosphorus ion 
implanted layer 12. Thus, as a result of the heat treat- 
ment, the n' source layer 21 is formed almost totally 
owing to the diffusion of phosphorus in the phosphorus 
ion implanted layer 12. And, the n' source layer 21 con- 
taining phosphorus having relatively large range and 
diffusion coefficient is formed to surround the bottom of 
the n* source layer 20 containing arsenic having smaller 
range and diffusion coefficient than those of phospho- 
rus. Also, the n' source layer 21 is formed over a wide 
area in the vicinity of the surface of the p-type Si sub- 
strate 1 so as to overlap with the stacked gate portion 
10. 

[0075] On the other hand. In the drain region of p-type 
Si substrate 1 , the n' drain layer 23 containing phospho- 
rus having relatively large range and diffusion coeffi- 
cient is formed in a wider area than that of the n+ drain 
layer 22 containing arsenic having smaller range and 
diffusion coefficient than those of phosphorus. Also, the 
n" drain layer 23 is formed in the vicinity of the surface of 
the p-type Si substrate 1 so as to overlap with the 
stacked gate portion 10. However, since phosphorus 
contained in the phosphorus ion implanted layer 33 is at 
a relatively low concentration, phosphorus is neutralized 
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with boron in the boron ion implanted layer 24 in the 
deeper regions of the p-type SI substrate 1 . Thus, the n' 
drain layer 23 is formed only in the vicinity of the surface 
of the p-type SI substrate 1 to overlap with the stacked 
gate portion 10. The p layer 24 containing boron, which 5 
has been implanted with relatively high energy and has 
a larger diffusion coefficient. Is formed to surround the 
bottoms of the n* and n" drain layers 22, 23 and to reach 
an inner point under the stacked gate portion 10 than 
the n" drain layer 23 in the region In the vicinity of the w 
surface of the p-type Si substrate 1 . 
[0076] Thereafter, the same process step as that 
shown in Figure 3(c) of the first embodiment is per- 
formed, thereby forming insulator sidewalls and n** 
drain/source layers 26a. 26b. rs 
[0077] In the third embodiment, the effects of the first 
embodiment can also be attained. In addition, P* ions 
are implanted before the protective oxide film 6 and the 
gate bird's beaks.T.ar« formed, i.e., immediately after 
the stacked gate portion 1 0 has been formed by pattern- 20 
Ing the tunnel Insulating film 2. the first polysillcon film 3, 
the capacitive insulating film 4 and the second polysill- 
con film 5. Thus, the phosphorus ion implanted layer 33 
can be diffused deeper into the region under the floating 
gate electrode 3 as compared with the first embodi- 25 
ment. 

[0078] In the third embodiment. P+ ions are implanted 

-to form the n' drain layer 23 in the drain region before 

the protective oxide film 6 and the gate bird's beaks 7 

are formed. And after the protective oxide film 6 and the 30 

gate bird's beaks 7 have been formed. As* ions are 

implanted to form the drain layer 22 in the drain 

region. Alternatively. As* ions may be Implanted before 

the protective oxide film 6 and the gate bird's beaks 7 

are formed. And after the protective oxide film 6 and the 35 2. 

gate bird's beaks 7 have been formed, P* ions may be 

implanted. Also. P* and As* ions both may be implanted 

before the protective oxide film 6 and the gate bird's 3. 

beaks 7 are formed. 

[0079] In the first and third embodiments, two types of 40 
ions (P*, As*) having respectively different ranges and 4. 
diffusion coefficients are implanted to form the drain 
region. Alternatively, three or more types of tons may be 
implanted. Then, just like the n' drain layer 23 in the 
drain region overlapping with the floating gate electrode 4S 
3. at least one diffusion layer should be formed by 5. 
implanting at least one of the three or more types of 
ions, which has a relatively large range during ion 
Implantation, so as to overlap with the entire edge of the 
stacked gate portion 1 0 in the gate width direction in the so 
active region. 

[0080] In the first and third embodiments, all the n- 
type and p*type regions may reverse the conductivity 
types thereof. 

55 

Claims 

1. A nonvolatile semiconductor memory device com- 



prising: 

a semiconductor substrate of a first conductiv- 
ity type; 

a stacked gate portion formed by stacking a 
tunnel insulating film, a floating gate, a capaci- 
tive insulating film and a control gate in this 
order over the semiconductor substrate; 
source/drain regions of a second conductivity 
type, which are formed in an active region 
under the surface of the semiconductor sub- 
strate so as to sandwich the stacked gate por- 
tion therebetween; and 

a region of the first conductivity type surround- 
ing the bottom of the drain region of the second 
conductivity type, 

wherein the nonvolatile semiconductor mem- 
ory device performs a write operation by gener- 
ating hot carriers with the application of a 
voltage between the drain and the source, 
and wherein the drain region at least includes a 
first diffusion layer containing a first impurity of 
the second conductivity type, and a second dif- 
fusion layer containing a second impurity of the 
second conductivity type having a larger range 
than that of the first impurity during ion Implan- 
tation, 

and wherein at least the second diffusion layer 
overlaps with an entire edge of the stacked 
gate portion in a gate width direction in the 
active region when the second diffusion layer 
and the stacked gate portion are viewed from 
above. 

The device of Claim 1 . wherein the first impurity is 
arsenic and the second Impurity Is phosphorus. 

The device of Claim 1 , wherein the source region 
consists of regions of the second conductivity type. 

Tlie device of Claim 1. wherein the diffusion coeffi- 
cient of the second Impurity is larger than that of the 
first impurity during heat treatment for activating the 
Impurities. 

A method for fabricating a nonvolatile semiconduc- 
tor memory device, comprising the steps of: 

a) forming a stacked gate portion by stacking a 
tunnel insulating film, a floating gate, a capaci- 
tive insulating film and a control gate in this 
order over a semiconductor substrate of a first ' 
conductivity type; 

b) forming source/drain regions of a second 
conductivity type in an active region under the 
surfece of the semiconductor substrate so as to 
sandwich the stacked gate portion therebe- 
tween; and 
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c) forming a region of the first conductivity type 
surrounding the bottom of the drain region of 
the second conductivity type, 

wherein in the step b), at least two types 
of impurity ions of the second conductivity type 5 
having respectively different ranges are 
implanted and a heal treatment is conducted, 
thereby forming the drain region so as to 
Include at least two types of diffusion layers of 
the second conductivity type, one of the two 10 
types of diffusion layers containing the impurity 
ions having the larger range overlapping with 
an entire edge of the stacked gate portion in a 
gate width direction in the active region when 
the diffusion layer and the stacked gate portion 75 
are viewed from above. 

6- The method of Claim 5, wherein in the step b), a 
dose of the impurity ions having the larger range-is " 
set smaller than a dose of the impurity Ions having 20 
the smaller range. 

7. The method of Claim 5. wherein In the step b). at 
least one out of the at least two types of impurity 
ions of the second conductivity type are implanted 25 
immediately after the stacked gate portion has 
been formed. 

8. The method of Claim 5. wherein in the step c), the 
region of the first conductivity type is formed by 30 
Implanting impurity ions of the first conductivity type 

at a tilt angle of 20 degrees or more with respect to 
the normal of the semiconductor substrate In 
accordance with large-angle-tilt ion implantation 
technique such that the impurity ions are also 35 
implanted Into a region under the stacked gate por- 
tion. 

9. The method of Claim 5. wherein the impurity ions 
having the larger range have a larger diffusion coef- 40 
ficient than that of the impurity ions having the 
smaller range during heat treatment for activating 
the impurities. 

' 45 
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